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Abstract 
By selecting varieties of factors, designing experiment in groups and other methods, the cleaning and detoxification of chromium 
in construction† waste has been studied. Experimental results show that: When particle diameter is larger than 1cm, chromium 
and content are volatile in waste. On the opposite, the effect of particle size on the detoxification of waste is not significantly 
when it is smaller than 1cm. In addition, the type and concentration of detergent have a great influence on cleaning and 
detoxifying. Detoxification effects on chromium of citric acid (0.1mol/L, 0.5mol/L) and concentration hydrochloric acid 
(0.5mol/L, 1mol/L) are very efficientˈand removal rate is up to 90%. Citric acid, oxalic acid, concentrated hydrochloric acid, 
and concentrated acetic acid have the best effect on Cr6+ removal works. Removal rate is more than 99%. 
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1. Introduction 
Chrome is one of the essential trace elements of human beings, but if the content is large, it can cause alopecia 
toothache, carcinogenesis and other serious consequences. Chrome element is susceptible to oxidation reduction 
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reaction, mainly existing in two states: trivalent and hexavalent. Toxicity of hexavalent chromium is 100 times than 
trivalent chromium. Chrome is strongly mutagenic substances. Cr(VI) is absorbed more easily by the human body 
and is the reason of cancer[1]. Due to the huge perniciousness of chromium to human body, Cr pollution is being 
worldwide hot issues. 
In recent years, with China's urbanization process accelerating, in order to improve the urban environment, many 
polluting enterprises implement the relocation plan. But construction waste of old factory demolition is generally 
associated with the contaminants, like heavy metal chromium which is one of the most serious pollution. Removal 
of Cr pollution in construction waste is a very important pollution treatment work. Methods used for Cr 
detoxification currently are detoxification techniques of pyrolysis, wet detoxification, io-detoxification, microwave 
digestion[2-4], electro-kinetic remediation[5] and other methods developed rapidly in recent years. This paper focuses 
on research of wet method of detoxification process. Confirm the best cleaning method of detoxification treatment 
through a variety of experiments, to provide a basis for the implementation of the later remediation of waste 
pollution. 
2 Experiments 
2.1 Experimental Materials 
2.1.1 Construction Waste 
    Select brick, tile fragments and concrete blocks, the natural stone of construction waste  in Cr contaminated 
site, shown in figure 1.  
 
(a)  Brick                                              (b) Tile Fragments                                  (c) Concrete Blocks 
Fig.1 Three Different Kind of Construction Waste with Different Sources 
Test the basic characteristics of three kinds of construction waste, which are shown in table 1. 
Table1 Heavy Metal Content of three kinds of Construction Waste 
Items Brick tile fragments 
Concrete 
blocks 
Standards 
Total Cr (mg/kg) 555 2445 413 200 
Cr6+ (mg/kg) 283 1701 298 ˉ 
Cu (mg/kg) not checked out not checked out  not checked out  200 
Pb (mg/kg) not checked out not checked out  not checked out 300 
As (mg/kg) 0.57 1.36 0.67 30 
Hg (mg/kg) not checked out not checked out not checked out 0.5 
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Cd (mg/kg) 0.13 0.13 0.13 0.6 
Zn (mg/kg) 11.28 not checked out  2.52 250 
Size (cm) 11 13 14 — 
Results of the analysis show that, the main pollution factors of construction waste are total Cr and. Other heavy 
metals do not exceed the environmental quality standards for soil secondary standard of GB15618-1995 
requirements. So, we selected the concrete blocks with higher chromium concentration as sample in the experiments. 
2.1.2 Abluent  
There are 5 kinds of common abluents[6] selected, and the concentration of values are shown in the following table. 
Table 2 Detergent Concentration Used in Experiment 
Type Concentration˄mol/L˅ 
EDTAüNa2 0.05,0.1 
Citric acid 0.1,0.5 
Oxalic acid 0.1,0.5 
HCl 0.1,0.5,1 
Acetic acid 0.1,0.5 
2.2 Experiment Content 
2.2.1 Study on Size Effect 
    a. Select samples of concrete blocks of which the size is >2cm, respectively 1-2cm and <1cm, and analyze total 
Cr and content in the samples. 
    b. Crush them to 5 different particle sizes. Total Cr and content in the samples results are shown in figure 7-4. 
After Washing for 40mins with deionized water in accordance with solid-to-liquid ratio 1/10, determinate desorption 
content of total Cr and in 5 different size. 
    c. Measure chromium content in various forms of  different particle sizes. 
2.2.2 Study on Effect of Different Abluent 
    A. Content of water soluble chromium in construction waste is very large, about 75%, so we rinsed with 
deionized water. Determinate total Cr and Cr(VI) contents in solid samples after first rinsing and calculate the 
removal rate. Then divide samples into 12 groups averagely 
    B. Select different detergent to rinse second time. Determinate total Cr and Cr(VI) contents in samples after 
rinsing and calculate the removal rate.  
    C. Determinate total Cr and Cr(VI) contents in solid samples and eluent after the second rinsing, and add content 
respectively to get total Cr and Cr(VI) contents. 
3 Results and Discussion 
3.1 Particle Size Effect  
    Total Cr and Cr(VI) content determined in samples after breaking into >2cm, 1-2cm and <1cm are shown as 
follows. 
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Fig.2 Effect of Particle Size on Total Cr and Cr(VI) Content when Size is big 
The results show that, total Cr and content fluctuates greatly when the particle size is greater than 1cm. Continue 
to broke samples into the size less than 1cm. Separately detect Cr and Cr(VI) desorption after crushing. 
 
Figure 3 Effect of Particle Size on Total Cr and Cr(VI) Content  
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Figure 4 Effect of Particle Size on Total Cr and Cr(VI) Desorption 
When particle size is less than 1cm, we can see that Total Cr and Cr(VI) content of samples is not significant and 
fluctuations are in different size.  Total Cr and desorption content does not significantly in different particle size. 
    In general, When the particle size is greater than 1cm, and total Cr and content in the samples is volatile; when 
particle size is less than 1cm, particle size have no significant effect on total Cr and Cr(VI) content, so is total Cr and 
Cr(VI) desorption quantity. 
Analysis results for various forms of chromium are shown in Figure 5. 
 
Figure 5 Influence of Particle size on Cr content of the morphology 
We found  that Cr mainly exists as a water soluble, accounting for 75% of the totalˈwith comparison between 
different forms Cr of same size. Percentages of extractable state, oxide-state, oxidable state, residual form are 
respectively 15%,4%,4%,2%. Compare different size samples of the same form, we can find that the difference of 
Cr contents in different forms are not significant, which means sample size has no significant effect on the 
morphology of Cr content.  
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3.2 Comparisons of Cleaning Effect with Different Abluent 
3.2.1 Results of the First Rinsing 
After deionized water rinsing, the remaining amount of total Cr and are 1662.25mg/kgǃ1431.40 mg/kg and the 
removal rates are 75.24%, 77.59%. Physic-chemical properties of Construction waste can be seen in the following 
table after rinsing. 
Table 3 Physic-chemical Properties of Construction Waste after the first rinsing   unit: mg/kg (except pH) 
pH 
Total Cr 
content 
Cr(VI) 
content 
Cr content 
Water 
soluble 
Acid 
extractable 
Restore 
State 
Oxidation 
state 
Rump 
State 
11.74 
±0.04 
1662.25 
 ±65.45 
1431.40 
 ±41.29 
1072.85 
 ±54.65 
347.25 
±11.26 
187.24 
±4.56 
156.68 
±8.69 
34.01 
±5. 93 
Table3 shows that PH value of construction waste is 11.74, shows strong basicity. Frequently Cr(III) exists as 
cationic form, such as Cr3+, Cr (OH)2+, and Cr(OH)2+ cation. In the alkaline environment, its hydroxide is insoluble 
in water. Cr(VI) often exists as anionic  form, such as CrO42-, HCr2O72-, HCrO43-, Cr2O72-. In alkaline waste water, 
its sodium salt, sylvite, and ammonium salts are soluble in water. Rinsing mainly removed soluble. While removal 
rate is of 75% rinsing one time, but Cr content of construction waste is still very high and is still very harmful. We 
need the second rinsing experiment. 
3.2 Results of the Second Rinsing 
    The results after the second rinsing with different detergents are shown in Figure 6. 
 
Figure 6 Content of Total Cr and Cr (VI) after the Second Rinsing 
Where the detergents types are: 1---water; 2---0.05mol/L EDTA-Na2; 3---0.1mol/L EDTA-Na2; 4---0.1mol/L 
Citric Acid; 5---0.5mol/L Citric Acid; 6---0.1mol/L Oxalic Acid; 7---0.5mol/L Oxalic Acid; 8---0.1mol/L HCl; 9---
0.5mol/L HCl; 10---1mol/L HCl; 11---0.1mol/L Acetic Acid; 12---0.5mol/L Acetic Acid. 
    After the second rinsing we found that, remained contents and removal rates of Cr and Cr(VI) have changed a lot. 
Citric acid (4,5), hydrochloric acid with high concentrations (9,10) are the best for removal of Cr. The removal rate 
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is more than 90%, and the rest of total Cr is 41.5mg/kg to 136.67 mg/kg after rinsing. Citric acid (4,5), oxalic acid 
(6,7), hydrochloric acid with high concentrations (9,10) and acetic acid with high concentration (12) work best 
about  removal. The removal rate is more than 99%, and the rest of total is 0.96 mg/kg to 12.66 mg/kg. 
Compare the effect between different concentrations of the same cleaning agent. We found that, for total Cr, low 
levels of concentration of citric acid, hydrochloric acid and acetic acid clean better. The effect of different 
concentrations of oxalic acid and  do not show significant differences. But for, high levels of concentration of citric 
acid, hydrochloric acid and acetic acid clean better. The effects of different concentrations of citric acid, oxalic acid 
and don’t show significant differences. By comprehensive comparing, removal effect of citric acid is the best. 
EDTA-Na2 can be organic chelated with most heavy metal ions by 1:1 ratio. It has chelating effect for Cr, and 
removal rates of Cr with different concentrations of don’t show significant differences. 
3.2.3 Total Amount Changes of Total Cr and Cr(VI) 
    Determinate total Cr and Cr(VI) content in solid sample and eluent, and add content respectively to get the total 
amount of total Cr and Cr(VI). The result is shown in Figure 7. 
 
Figure 7 Changes of Total Amount of Total Cr and Cr(VI) 
We found that the total amount of total Cr has remained virtually unchanged, Cr(VI) content decreased, which 
proves that Cr(VI) is restored as Cr(III). The pH value of citric acid, oxalic acid, hydrochloric acid and acetic acid 
eluent are less than 6. Under this condition, the redox potential when is restored as is greater than zero. So reaction 
is Spontaneous[7]. We can know that citric acid, oxalic acid, hydrochloric acid and acetic acid by solvent can 
remove with dissolution and reduction. 
4 Conclusions 
Through experiments, there are several conclusions for cleaning and detoxification of chromium pollution in 
construction waste: When the particle size is larger than 1cm, total Cr and Cr(VI) content fluctuates greatly. When 
the particle size is smaller than 1cm, size has little effect on cleaning of chromium.  So we can break building 
waste to 1cm, more suitable for the following project, dissolution of chromium. Wash construction waste first to 
remove water soluble, then  remove chromium in washing liquid with the sewage disposal system. After water 
rinsing, we may remove chromium which is oxidizable and reducible with acid. Recommend using citric acid and 
high concentration (0.5mol/L) acetic acid in order to achieve the best removal results. Adjust the pH in time during 
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washing process to keep it between 6 and 7, in favor of the removal of more toxic Cr(VI). 
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